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Abstract

Background Mini gastric bypass (MGB) is a promising and attractive alternative bariatric procedure. In 2011, we introduced
MGB in our high-volume bariatric unit. Subsequently, we evaluated short- and midterm results of this procedure.

Methods A prospective cohort of patients who underwent MGB between 2012 and 2013 was retrospectively evaluated.
Results From 2012 to 2013, primary MGB was performed in 287 patients with a mean BMI of 42 kg/m? (range 32-76 kg/
m?). The mean operation time was 50 min (range 25—-120 min). The mortality rate was 0%. Serious complications, such as
leakage, pulmonary embolism, or bleeding, occurred in 3.1% of patients; anastomotic leaks occurred in 1.4% of patients.
Conversion to Roux-en-Y gastric bypass for biliary reflux or other indications occurred in six patients (2%). During our
initial learning phase, biliary reflux rates were higher due to an overly short pouch. Surgical revision for malnutrition was
performed in one patient. Percent excess weight loss and percent total body weight loss were 85 and 35%, respectively, after
1 year; 88 and 36.6%, respectively, after 2 years; and 83 and 34.3%, respectively, after 3 years. Follow-up rates after 1, 2,
and 3 years were 96% (277/287), 72% (208/287), and 66% (190/287), respectively.

Conclusions As a primary bariatric procedure, MGB is associated with good early and midterm results. MGB has the poten-
tial to become a significant alternative bariatric procedure. Correct technique is of extreme importance when performing
MGB:; therefore, the appointment of an experienced MGB surgeon as a guide when beginning to utilize this technique is

advised.
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Obesity is one of the greatest global health problems, with
over 600 million obese adults worldwide [1].

For morbid obesity, bariatric surgery remains the most
effective treatment; this approach results in significant sus-
tained weight loss, reduced co-morbidity, and improved
survival [2-7].

Various surgical procedures are currently available and
are usually performed laparoscopically by bariatric surgeons
around the world. Currently, the most frequently performed
procedures appear to be Roux-en-Y gastric bypass (RYGB)
and laparoscopic sleeve gastrectomy (LSG) [8].

In the continuous search for improved surgical treatment,
with the objective of optimizing safety, efficacy, durability,

> J. Apers
j-apers @Franciscus.nl

Franciscus Gasthuis, Rotterdam, The Netherlands

2 MCL Leeuwarden, Leeuwarden, The Netherlands

and quality of life, mini gastric bypass (MGB) and one-
anastomosis gastric bypass (OAGB), appear to be attractive
alternative procedures that are increasing in popularity [9].

Since MGB for morbid obesity was first described by
Rutledge in 2001 [10], this technique has been extremely
controversial [11-14] due to fear of biliary reflux and its
potential oncological consequences, despite the fact that
this fear does not appear to be supported by evidence-based
human studies. In studies of the OAGB technique pub-
lished by Garcia-Caballero [15, 16], anti-reflux adaptations
reduced the incidence of symptomatic biliary reflux to an
acceptable, extremely low rate (< 1%).

Moreover, MGB appears to have certain attractive char-
acteristics. Two large studies, including one randomized
investigation by Lee et al. [17, 18] and a multicenter study
by Musella et al. [19], have shown good results for MGB in
terms of effectiveness, safety, operation time, and improve-
ment in co-morbidity.
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Mini gastric bypass is a simple, feasible operation with
a short operation time [20] that is safe to perform in super
obese or elderly patients [21, 22]. Furthermore, MGB is easy
to revise and reverse [23] and produces good results as a
revision operation after failed primary restrictive bariatric
surgery [24, 25].

Given the combination of these different aspects of MGB,
we introduced this technique in 2011 in the high-volume unit
of our institution, the first bariatric center in the Netherlands.
In our learning phase, we encountered issues such as biliary
reflux that led to a critical review of our technique. Given
our experience with RYGB, we concluded that our pouch
was overly short and adapted and improved our technique.
This article describes our experience with MGB during the
phase beyond our initial learning period.

Methods
Data

Mini gastric bypass was first introduced in December 2010,
and we adapted our surgical technique in 2011. From Janu-
ary 2012 to December 2013, all patients who underwent bar-
iatric surgery at the Center for Obesity at the Medical Center
Leeuwarden were included in a prospective database. For
this study, patients who underwent MGB as a primary pro-
cedure were selected and retrospectively analyzed. Records
for individual patients were completed via data review.

Ethical approval was waived by the local medical research
ethics committee (“De Regionale Toetsingscommissie
Patiéntgebonden Onderzoek’), which is chaired by Dr. A.
Wolthuis, Ph.D., since our work involved a retrospective
investigation (RTPO1014; the other members of this com-
mittee are listed at http://www.ccmo.nl/nl/erkende-metc-s/
regionale-toetsingscommissie-pati-ntgebonden-onderzoek-
leeuwarden).

Patients

In accordance with international IFSO guidelines, all
patients were between 18 and 65 years of age when MGB
was performed. Preoperative assessments of patient eligi-
bility for bariatric surgery included consultation with an
endocrinologist, a dietician, and a psychologist to exclude
patients with non-adjusted eating patterns or eating dis-
orders. If detected, these issues were addressed and fully
treated before surgery was considered.

General advise was given concerning the choice for which
bariatric operation: symptoms of GERD were considered as
a contraindication for sleeve gastrectomy, diabetic patients
were advised (mini) gastric bypass surgery, patients with
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pre/operative known diaphragmatic hernia were advised to
undergo RYGB.

Baseline characteristics were determined and entered into
the database.

Surgical technique and perioperative management

Patients were positioned in a supine French position under
general anesthesia. Pneumoperitoneum was achieved with
help of a veress needle and the use of an optical trocar. Then,
the five ports are placed. The liver-hand retractor is used to
retract the liver. First, Treitz ligament is located and from
this point a 150-250-cm-long biliopancreatic or—afferent
limb is measured and brought up to the antrum level to judge
if there is tension to be expected on the gastroenterostomy.
Most of the times this is not the case and this loop is tem-
porarily fixed in the left lower quadrant of the abdomen on
an instrument. Initially, MGB was implemented based on
experience with the RYGB technique described by Lonroth
[26], with a slightly longer pouch.

Antecolic—antegastric loop anastomosis or Billroth II gas-
troenterostomy was performed using a linear stapler. After
we performed an interim analysis of our initial results in
2011, our technique was adjusted to create a longer pouch
starting at the level of the antrum or crow’s foot, as described
by Rutledge [10, 17; Fig. 1]. The linear stapler divides the
stomach horizontally at the junction of the corpus and
antrum at the level of crow’s foot. An oral calibration tube
(34 Fr), is passed by the anesthetist and held against the
lesser curvature. The division of the stomach against the
tube is completed, with 5-6 lines of staples that seal the
gastric pouch. The division of the stomach is parallel to the

2 cm wide long gastric tube }
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Fig.1 MGB technique [15]
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lesser curvature and up to the angle of His. No short gastric
vessels are divided. The jejunal loop is brought up antec-
olic—antegastric, and the linear stapler is used to anatomose
the stomach and the small bowel at this point. The distal
end of the gastric tube is anastomosed to the side of the
small bowel. The inside of the anastomosis is inspected for
bleeding before final closure with a running barbed suture.
Finally, a methylene blue leak test is performed to test the
anastomosis. Limb length varied from 150 to 250 cm based
on the patient’s preoperative BMI. This tailored approach,
which was modified from Lee’s recommendations [27],
involved a BP limb of 150 cm for patients with BMI <40, a
BP limb of 200 cm for patients with BMI>40 and < 50, and
a BP limb of 250 cm for super obese patients with BMI > 50.
All operations were performed by three experienced bari-
atric surgeons or occasionally by residents under the strict
supervision of an experienced bariatric surgeon.

Postoperative care

All bariatric patients were enrolled in an enhanced recov-
ery program [28] and received 1 year of postoperative PPI
therapy to prevent marginal ulcers. Patients were advised to
quit smoking prior to undergoing MGB. Preoperative HP
analysis was performed using a fecal microbiology test. If
this test was positive, eradication treatment was prescribed
before surgery. Postoperative daily multivitamin supple-
ments were prescribed.

Patients were put on a fluid diet for 3 weeks beginning
on the first postoperative day. Most patients were discharged
from the hospital 1-2 days after surgery.

Patients received postoperative counseling by the surgeon
at 4 weeks after surgery, at 12 months after surgery, and
yearly thereafter. After surgery, all patients were scheduled
for a 1.5-year, sequential (monthly) group meeting program
that included counseling by a bariatric nurse practitioner, a
dietician, a psychologist, and a physiotherapist.

Weight loss

Each patient’s ideal weight was estimated based on a target
BMI of 25. Follow-up weight was measured 1 year after
surgery. Percent excess weight loss (%EWL) was defined
as [(operative weight — follow-up weight)/operative excess
weight] x 100.

Co-morbidity

Diabetes remission was defined as the cessation of medica-
tion and HbA 1c <42 mmol/mol (6%). Resolution of other
co-morbidities was defined as cessation of the use of rel-
evant medications or devices. Improvement was defined as
a reduction in the use of relevant medications or devices.

Statistics

All statistical analyses were performed using SPSS
(PASW) 18.0 software (SPSS Inc., Chicago, Illinois,
USA).

Results

From 2012 to 2013, a cohort of 287 consecutive patients
underwent primary MGB.

The median preoperative BMI was 42.7 kg/m?
(5.8 kg/m?; range 32-77 kg/m?).

The co-morbidities of diabetes, hypertension, hyper-
lipidemia, and sleep apnea (treated using a CPAP mask)
were preoperatively detected in 67 (23.3%), 119 (41%),
73 (25.4%), and 25 (8.7%) patients, respectively. Other
baseline characteristics are shown in Table 1.

There were no significant intraoperative complications.
The median operation time for primary MGB was 50 min
(range 25-120 min). The median limb length was 200 cm
(range 150-250 cm).

No postoperative mortality occurred after surgery. Early
complications occurred in 21 patients (6%). Anastomotic
leakage occurred in four patients (1.4%); relaparoscopy
was needed in two cases involving early leakage, and late
leakage was treated conservatively with endoscopic inter-
ventions and a feeding tube in two cases. For two patients,
relaparoscopy was needed due to bleeding.

Other early complications such as pulmonary embolism
and other minor complications are listed in Table 2.

The most common late complication was iron defi-
ciency (16%); oral iron supplements were sufficient treat-
ment for this complication in most cases, but intravenous
iron therapy was required in a few cases (4%).

Table 1 Preoperative demographics

N

Total 287
Female 245 85.4%
Age 44 (19-69) SD 10.9
Weight before operation 126 (88.1-209) kg SD 19.98
BMI before operation 42.7 (31.7-76.77) SD 5.8
Diabetes 67 23

Oral medication 27 41

Oral and insulin medication 37 56

Insulin 1 1
Hypertension (med) 119 41.5%
OSAS with CPAP 25 8.7%
Hypercholesterolemia 73 25.4%
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Table 2 Intraoperative variables and early complications

Table 3 Follow-up and late complications

Length of biliary limb (cm) 200
150 76 26.5%
200 175 61.0%
250 35 12.2%
Missing 1 0.3%

Early complications
None 270 94.1%
Readmittance 5 1.7%
Bleeding without intervention 1 0.3%
Bleeding with intervention 2 0.7%
Leakage with endoscopic treatment 2 0.7%
Leakage with laparoscopic treatment 2 0.7%
Pulmonary embolism 2 0.7%
Pneumonia 1 0.3%
Gastric ulcer 2 0.7%

Conversion to RYGB for biliary reflux or other indica-
tions was necessary in 14 patients (4.8%) over the course of
a 4-year follow-up period.

Conversion due to biliary reflux occurred in six patients
(2%). The major other indication for conversion was severe
post-prandial abdominal pain, which was believed to be
caused by food entering the afferent limb instead of the effer-
ent limb (N=5).

One patient was converted to RYGB due to insufficient
weight loss.

Cholecystectomy was performed in 14 patients (5%).
Other late surgical interventions included one reduction of
an internal hernia in Petersen’s space and one restoration to
normal anatomy due to severe hypoglycemia after MGB.

Furthermore, symptomatic steatorrhea in combination
with hypoalbuminemia occurred in 8 (3%) patients; most
of these patients were successfully treated with conserva-
tive management or pancreatic enzyme replacement therapy
(PERT), although one patient required surgical revision.
Other late complications are listed in Table 3.

Weight loss

Patients” median BMI decreased from 42.7 kg/m? prior to
MGB to 27.7 kg/m? (5.1 kg/m?) 1 year after MGB and
27 kg/m? (+ 5 kg/m?) 2 years after MGB but then increased
to 28 kg/m? (+ 5.1 kg/m?) 3 years after MGB (Fig. 2). Only
one patient required revision for insufficient weight loss.

After 3 years, XEWL was 83.6%, and percent total body
weight loss (% TWL) was 34.3%, as shown in Table 4 and
Fig. 3.

Follow-up rates after 1, 2 and 3 years were 96%
(2771287), 72% (208/287), and 66% (190/287), respectively.
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Com N %
None 234 815
Iron deficiency 40 14%
Laparoscopic cholecystectomy

Total 14 49
Conversion to RYGB

Biliary reflux 6 21

Other 8 2.7

Total 14 48
Internal herniation 1 03
Steatorrhea

Treated by medication 8§ 28

Treated with conversion to shorter bypass 1 03
Hypoglycemia

Treated with diet modifications 8 28

Treated with medication 6 21

Treated with operation (reversal to normal anatomy) 1 03
Ulcer 10 35
Incisional hernia treated with operation 5 1.7
Reflux treated by medication® 5 17
Gastrogastric fistula 1 03
Dysmotility of esophagus 1 03
Death with unknown cause 3 years after MGB 1 03

“Based on symptoms, no further investigations were made

Co-morbidity

Data regarding the development and resolution of co-mor-
bidities are listed in Table 5.

After a median follow-up of 3 years, the resolution of
diabetes was seen in 74.6% of patients (50/67), and improve-
ment in diabetes was seen in 24% of patients.

Hypertension was resolved or improved in 70% of
patients (83/119); in addition, 3 years after MGB, 64%

BMI
45,00
40,00
35,00
30,00
o 25,00
=
¥ 20,00
15,00

g BMI|

10,00
5,00

0,00
pre-op 1y 2y 3y

Fig.2 Weight loss BMI
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Table 4 Follow-up weight

Years after MGB Median (range) Standard
deviation

1 year N=277 (96%)
Weight 81.6 (54.3-152.7) 17.0
BMI 27.7 (20.4-47.7) 5.1
EWL 85.4 (26-149) 22.5
TWL 35.4 (14.5-52.7) 7.3

2 years N=208 (72%)
Weight 78.9 (48.1-145.9) 17
BMI 27.1 (19.0-45.6) 5
EWL 88.0 (11.3-154.9) 23.3
TWL 36.6 (4.9-57) 8.3

3 years N=190 (66%)
Weight 83.5 (50-136) 17.1
BMI 28.1 (19.4-55.9) 5.1
EWL 83.6 (6.8-148.1) 24.6
TWL 34.3 (3-54.7) 9.5

BMIbody mass index, EWLexcess weight loss %, TWLtotal weight
loss %

(16/25) of patients no longer used a CPAP mask or other
device for sleep apnea.

Discussion

This article describes our short- and midterm results for
implementation of the MGB procedure in a bariatric pro-
gram. This operation has been rapidly gaining popularity
among patients and surgeons since 2012 and is now a com-
monly performed bariatric operation in our bariatric unit.

One of the key features of this operation is its relative
simplicity; due to this simplicity, MGB is a quick proce-
dure, with an average operation time of 50 min for primary
operations. Another feature of this procedure is a favorable
combination of safety and efficacy. Serious complications
or reoperation occurred in approximately 2% of patients,
which is comparable to the corresponding rates for other
procedures.

When we implemented MGB in 2010, this technique was
extremely controversial. This controversy led to a critical
review in 2011 of our own results and results reported in the
literature. Comparisons of our results with literature findings
available at that time revealed a relatively high incidence of
biliary reflux after MGB among our patients. This observa-
tion led to alterations in our technique (most importantly, the
creation of a longer pouch up to the level of the crow’s foot
or antrum), which resulted in a lower incidence of biliary
reflux. Bile reflux in the gastric pouch is often not sympto-
matic and should not be harmful. Bile reflux becomes symp-
tomatic when bile acids enter the esophagus, which might
occur when the pouch is too short, or occasionally when the
patient is in a supine position. We also learned that biliary
reflux can be caused by distal obstruction or edema of the
gastroenterostomy during the first months after MGB and
that avoidance of a supine position during sleep is helpful
for treating this temporary complication. The routine use of
PPIs does not treat symptoms of biliary reflux but certainly
prevents ulcers during the first postoperative year [29] and
improves the function of the gastroenterostomy, potentially
further decreasing the incidence of biliary reflux.

However, if patients experience ongoing symptoms
of unexplained biliary reflux 3 months after their initial

8 60
2 5 —e—TWL
=
) ——EWL
g
30
20
10
0
pre-op 1y 2y 3y
Fig.3 Weight loss %EWL and %TWL
Table 5 Resolution of Co-morbidity Diabetes

co-morbidities

Hypertension Sleep apnea Hypercholesterolemia

(Pre-op N=67)

Remission 50 (74.6%)
Improved 16 (23.9%)
Unchanged 0
Unknown 1(1.5%)

(Pre-op N=119) (Pre-op N=25) (Pre-op N=173)

56 (47.1%) 16 (64%) 40 (54.1%)
27 (22.7%) 2 (8.0%)

18 (15.1%) 4 (16%) 25 (33.8%)"
18 (15.1%) 3 (12.0%) 9 (12.2%)

Still using the same medication
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diagnosis (with confirmation via upper GI endoscopy)
despite conservative management, we advise the conver-
sion of MGB to RYGB or a Braun anastomosis.

After MGB, diarrhea is common but is often not symp-
tomatic. In our cohort, nine patients reported symptomatic,
disabling steatorrhea in combination with hypoalbumine-
mia; most of these patients were treated with conservative
management and medications such as PERT. Severe stea-
torrhea or malnutrition that led to surgical revision only
occurred in one patient. These results reflect the safety of
our tailored bypass protocol.

In our series, similarly to other large series reported by
colleagues who perform MGB [30, 31], excellent weight
loss was seen during the first 3 years after surgery, result-
ing in a satisfactory median BMI of 28 at 3 years after
MGB. In addition, satisfactory %EWL and %TWL of 83.6
and 34.3%, respectively, were observed at 3 years after
surgery.

During our participation in research by Musella [19],
we observed a remission rate for diabetes of 88% during
the first year after MGB, based on the American Diabetes
Association’s definition of remission [32]. A 74.6% rate of
remission of diabetes after a median follow-up of 3 years
is promising. Similar results were obtained with respect
to the evolution of hypertension and sleep apnea (OSAS).

This study has certain limitations. First, it is a retro-
spective study of a cohort of patients. Data were retrieved
from a prospectively held database, but levels of evidence
are nonetheless limited for retrospective studies.

The reported data, with a loss to follow-up rate of 33%
after 3 years, are realistic data from a high-volume bariat-
ric practice in the Netherlands.

Although patients from our early experiences with
MGB (2010-2011) were excluded from this study, we
hope that other surgeons and bariatric teams can learn
from our learning curve. Therefore, our advice to all indi-
viduals, even experienced bariatric surgeons, who wish to
begin implementing this procedure is to use a surgeon with
experience with MGB as a guide. For MGB, similar to all
other bariatric procedures, the use of appropriate tech-
niques is extremely important for obtaining good results.

Mini gastric bypass and OAGB are extremely potent,
promising bariatric procedures that might well be the ideal
operations for all morbidly obese patients. At present, indi-
cations and patient characteristics associated with MGB
being superior to other types of surgery have not been
clearly established.

Future randomized clinical trials should focus on this
issue and address quality of life and durability.

One of the key features of the MGB procedure is its
combination of relative simplicity and efficacy. It also
remains an operation that is easy to revise and reverse
[33, 34].
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Mini gastric bypass has passed beyond being an experi-
mental procedure and has become a serious alternative bari-
atric procedure [35].
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